Background Patients with diabetes have increased risk of infections and wound complications after total knee arthroplasty (TKA). Glycemic markers identifying patients at risk for complications after TKA have not yet been elucidated. Questions/purposes We aimed to determine the correlations among four commonly used glycemic markers and to identify the glycemic markers most strongly associated with the occurrence of surgical site infections and postoperative wound complications in patients with diabetes mellitus after undergoing TKA. Methods Our retrospective study included 462 patients with diabetes, who underwent a total of 714 TKAs. Blood levels of glycemic markers, including preoperative fasting blood glucose (FBG), postprandial glucose (PPG2), glycated hemoglobin (HbA 1c ), and levels obtained from random glucose testing on postoperative days 2, 5, and 14, were collected on all patients as part of a medical clearance program and an established clinical pathway for patients with diabetes at our center. Complete followup was available on 93% (462 of 495) of the patients. Correlations among markers were assessed. Associations between the markers and patient development of complications were analyzed using multivariate regression analyses of relevant cutoff values. We considered any of the following as complications potentially related to diabetes, and these were considered study endpoints: surgical site infection (superficial and deep) and wound complications (drainage, hemarthrosis, skin necrosis, and dehiscence). During the period of study, there were no fixed criteria applied to what levels of glycemic control patients with diabetes needed to achieve before undergoing arthroplasty, and there were wide ranges in the levels of all glycemic markers; for example, whereas the mean HbA 1c level was 7%, the range was 5% to 11.3%.
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Results There were positive correlations among the levels of the four glycemic markers; the strongest correlation was found between the preoperative HbA 1c and PPG2 levels (R = 0.502, p \ 0.001). After controlling for potential confounding variables using multivariate analysis, the HbA 1c cutoff level of 8 (odds ratio [OR], 6.1; 95% confidence interval [CI], 1.6-23.4; p = 0.008) and FBG 200 mg/dL or higher (OR, 9.2; 95% CI, 2.2-38.2; p = 0.038) were associated with superficial surgical site infection after TKA. Conclusions In general, there is a positive correlation among the various available glycemic markers among patients with diabetes undergoing TKA, and patients undergoing surgery with HbA 1c C 8 and/or FBG C 200 mg/dL were associated with superficial surgical site infection. These findings should be considered in patient selection and preoperative counseling for patients with diabetes undergoing TKA. Level of Evidence Level III, prognostic study.
Introduction
Patients undergoing TKA often have systemic medical comorbidities. Diabetes mellitus (DM) is one of the most common and important diseases thought to be associated with an increased risk of perioperative complications among patients undergoing TKA. Previous studies have reported higher rates of infection [8, 18, 20, 21, 28] , wound complications [5, 6] , greater risk of deep vein thrombosis [27, 29] , poorer outcomes [4, 13, 14, 22, 25] , and higher mortality [2] in patients with DM undergoing TKA compared with patients without DM. Unfortunately, the prevalence of DM among patients undergoing TKA has been steadily increasing [11, 15] and orthopaedic surgeons will be faced with a growing number of surgical patients with DM. Achieving and maintaining adequate glycemic control are of paramount importance for patients with DM to reduce the risk of perioperative complications.
Various glycemic markers have been used to assess the efficacy of glycemic control in patients with DM undergoing surgery. The glycated hemoglobin (HbA 1c ) level has traditionally been used as the marker for perioperative glycemic control, but recent studies have called into question the adequacy of using only the HbA 1c level as an index. A retrospective review of 4241 TKAs or THAs performed at a single center found that patient HbA 1c levels were not reliable predictors of the risk of infection after total joint arthroplasty [7] . Furthermore, the conventional cutoff HbA 1c level of less than or equal to 7 was reported to have poor predictive value for the development of postoperative wound complications and prosthetic joint infection (PJI) [1] . Other measures for assessment of patient glycemic control are preoperative fasting blood glucose (FBG) and postoperative random blood glucose levels. Patient blood glucose level fluctuates with diet and therefore represents acute glycemic control, whereas the HbA 1c level generally indicates the degree of glycemic control over a 3-month period. Because the utility of HbA 1c level and other glycemic markers and their appropriate cutoff values for predicting complications after TKA remain to a large degree controversial, glycemic markers that are associated with PJI and wound complications in patients with DM undergoing TKA still need to be identified.
We therefore sought to determine the correlations among four commonly used glycemic markers (preoperative FBG level, preoperative 2-hour postprandial glucose [PPG2] level, preoperative HbA 1c level, and postoperative random glucose level) and to identify the glycemic markers that were most strongly associated with the occurrence of surgical site infections and postoperative wound complications in patients with DM after undergoing TKA.
Materials and Methods
A review of hospital electronic medical records identified 3112 TKAs performed in 2013 patients at our hospital between July 2006 and June 2012. Of the 3112 TKAs, 763 procedures were completed in 495 patients with established diabetes or newly detected DM. Patients with established type 2 DM were identified by their medical history and current medications such as oral hypoglycemic agents or insulin. Patients with newly detected type 2 DM were identified during the routine medical examination performed before surgery and the DM diagnosis subsequently confirmed by endocrinologic consultation. Patients were excluded from our study if laboratory data were missing (zero patients) or the record showed less than 1 year of followup (59 TKAs in 33 patients). All patients were followed up by routine clinic visits, and those who could not visit the clinic were contacted by telephone survey. Complete followup, including data on all glycemic markers and complete chart notes at 1 year or greater, was available on 93% (462 of 495) of the patients. Consequently, 714 TKAs in 462 patients were finally included in our study ( Fig. 1 ). Demographic information for study patients revealed mean patient age to be 70.6 ± 6.6 years (range, 49-89 years); 31 (7%) patients were men; and mean body mass index (BMI) was 27.3 ± 4.0 kg/m 2 (range, 17.2-49.3 kg/m 2 ).
All surgeries were performed by the senior author (TKK). One gram of cefazolin was administered to the patient intravenously at the induction of anesthesia and then every 8 hours for 24 hours after surgery. A midline skin incision with a median parapatellar approach was used for all arthroplasties. Posterior-stabilized, cruciate-substituting implants were used for every patient, and all the components were cemented. A subcutaneous indwelling drainage catheter was routinely used. A layered closure was performed using No. 1-0 polyglactin 910 absorbable sutures in an interrupted manner for a watertight, capsular closure, followed by No. 2-0 polyglactin 910 absorbable sutures for the subcutaneous layer. Subcuticular skin closure was performed using 3-0 absorbable sutures. Skin sutures were removed 2 weeks after surgery.
The collected independent variables for our study were patient levels of glycemic markers during the perioperative period. Preoperative glycemic status was assessed using information from the electronic medical records on levels of FBG, PPG2, and HbA 1c , measured within 4 weeks before surgery during routine preoperative medical examination. Postoperative glycemic status was assessed using random blood glucose levels measured on postoperative days 2, 5, and 14 after surgery. All assays for glycemic markers were performed at the central laboratory of our hospital and were collected on all patients as part of a medical clearance program and an established clinical pathway for patients with diabetes at our center.
The primary outcome variables included surgical site infection (superficial infection and deep infection) and wound complications (drainage, hemarthrosis, skin necrosis, and dehiscence), which were investigated in the electronic medical records through the last followup. Superficial infection was defined as an infection that was managed by antibiotics only or minor débridement. Two typical clinical conditions diagnosed as a superficial infection were cellulitis and infection confined to skin and subcutaneous tissue. Deep infection was defined according to the criteria of the Musculoskeletal Infection Society [19] and was managed by open débridement with insert change or two-staged exchange revision TKA. A surgical site infection, either superficial or deep, occurring within 1 year after TKA was considered to be positive for infectious complication. Drainage that persisted more than 3 days and hemarthosis that required aspiration or surgical evacuation were noted. In addition, skin necrosis or wound dehiscence that required surgical intervention was noted.
During the period of study, there were no fixed criteria applied to what level of glycemic control patients with diabetes needed to achieve before undergoing arthroplasty. We generally tried to achieve better glycemic control if a patient with diabetes had a HbA 1c over 8 in preoperative evaluation, but surgery was not delayed in patients who did not respond to these efforts. There were wide ranges in the levels of all four glycemic markers ( Table 1 ). The mean preoperative levels of FBG and PPG2 were 122 mg/dL (range, 36-398 mg/dL) and 210 mg/dL (range, 69-458 mg/dL), respectively. The mean preoperative level of HbA 1c was 7 (range, 5.0-11.3). The proportion of patients with an FBG level greater than or equal to 140, 160, 180, and 200 mg/dL was 24%, 14%, 9%, and 5%, respectively. The proportions of PPG2 greater than or equal to 200, 220, 240, and 260 mg/dL were 54%, 43%, 30%, and 21%, respectively. The proportions of patients with an HbA 1c level greater than or equal to 7, 8, and 9 were 41%, 12%, and 4%, respectively. The mean random glucose levels on postoperative days 2, 5, and 14 were 145 mg/dL (range, 50-326 mg/dL), 131 mg/dL (range, 24-325 mg/dL), and 139 mg/dL (range, 30-384 mg/dL), respectively.
Statistical analyses were performed using SPSS for Windows (Version 20.0; SPSS, Chicago, IL, USA), and a p value \ 0.05 was considered significant. Correlations among the glycemic markers were determined using the Pearson correlation coefficient. To identify glycemic markers predictive for the occurrence of surgical site infection or wound complication after TKA, multivariate logistic regression analyses were performed with the forward conditional variable selection method, adjusted by age, gender, BMI, and transfusion. The levels of each glycemic marker were dichotomized using several cutoff values for analyses, and the glycemic markers with p values \ 0.1 from the exploratory univariate analyses (Supplemental Table 1 [Supplemental materials are available with the online version of CORR 1 .]) were entered into multivariate regression models.
Results
There were positive correlations among the values of the four glycemic markers, and the strongest correlation was found between the preoperative HbA 1c level and the PPG2 level (R = 0.502, p \ 0.001; Table 2 ). Correlations between the preoperative glycemic markers (FBG, PPG2, and HbA 1c levels) were stronger than those between the postoperative markers (random glucose levels 2, 5, and 14 days after surgery) and between the preoperative markers and postoperative markers. HbA 1c C 8 and FBG C 200 mg/dL were identified as the markers associated with superficial surgical site infection after TKA in patients with diabetes. There were 10 superficial infections (1.4%) noted and no deep periprosthetic infections. Wound complications occurred in 47 (6.6%) patients. In multivariate analysis to account for the potential confounding variables of age, gender, BMI, and transfusion, HbA 1c C 8 (odds ratio [OR], 6.14; 95% confidence interval [CI], 1.62-23.36; p = 0.008) and FBG C 200 mg/dL (OR, 9.17; 95% CI, 2.20-38.21; p = 0.038) were associated with an increased likelihood of a superficial surgical infection compared with patients with glycemic levels of HbA1c \ 8 or FBG \ 200 mg/dL ( Table 3 ). None of the glycemic markers was found to be associated with a risk of wound complications.
Discussion
Prior studies have suggested that patients with DM undergoing TKA have a higher likelihood of wound complications and surgical site infections than those without DM [5, 6, 8, 18, 20, 21, 28] . Hence, achieving optimal glycemic control in patients with DM is important. However, evidence for which glycemic markers are most predictive of complications is less clear [1, 6, 7, 9, 16, 21] . We wanted to determine the correlations among the four commonly used glycemic markers and to identify the glycemic markers that were most strongly associated with the occurrence of surgical site infections and postoperative wound complications in patients with DM after undergoing TKA. Our study had limitations. First, we performed a retrospective review of data from our hospital database. A retrospective study may be subject to selection bias. However, selection bias was reduced by consecutive enrollment of the study patients. Second, in this study, most (93%) knees were female and only 7% were male, which might also raise the concern of selection bias. However, we included all eligible patients with diabetes who underwent TKA during the study period, and the gender composition of all patients in our TKA database is almost identical to the gender composition of the study cohort. The gender ratio of our cohort is also similar to that reported nationally in South Korea [10, 12] . Third, our study did not enroll a cohort of patients without DM for comparison as a control group. Fourth, we did not evaluate all possible patient-level predictor variables (such as smoking) or other laboratory data (such as nutritional status), which can be confounding factors for surgical site infections and wound complications in patients after TKA, although we did consider age, sex, BMI, and transfusion as possible confounders. Thus, despite a sample size large enough to identify a HbA 1c level 8 or higher as a risk factor for surgical site infection after multivariate regression analysis, our study might still be underpowered to identify others risk factors if every possibility is considered. Fifth, our definitions for complications after TKA were predefined but may not have been exhaustive and the diagnosis of complications was based on clinical judgment. For example, the distinction between superficial infection and wound complications was made on clinical judgment. Sixth, none of the patients in our cohort developed PJI (deep surgical site infection) over a 1-year followup period; therefore, we could not determine if there was an association between glycemic markers and deep infection. Finally, we used knees as the unit of measurement for data analyses. In theory, the measurement unit should be patients, not knees, because two knees in the same patient with diabetes are not independent observations considering the metabolic status of the patient. However, we intentionally performed the knee-based analyses because the outcome variable of our study was superficial infection and wound complication, which was a local complication noted for each knee rather than a systemic complication. If a patient underwent bilateral TKA and had a local complication in a single knee (ie, the ''patient'' had a complication, whereas one operated knee did not have a complication), it would be hard to analyze with a ''patientbased'' statistical measure. Furthermore, despite this theoretical concern, our recent study investigating how to handle the bilaterality issue in evaluating TKA outcomes found that knee-based analyses would not skew significantly if the number of study patients is large enough [17] . Nonetheless, we reran data analyses using patients as the unit of measurement and found that our results did not change (Supplemental Table 2 [Supplemental materials are available with the online version of CORR 1 .]).
We found that all the glycemic markers we evaluated showed varying degrees of positive correlation with each other; however, preoperative glycemic markers levels had stronger positive correlations with each other than with postoperative glycemic markers and with postoperative glycemic markers to each other. These findings may possibly be related to the stress of surgery and altered ambulation levels and dietary intake after surgery, which may lead to fluctuating blood glucose levels. An important finding of our study is that the marker of chronic glycemic control, the HbA 1c level, was positively correlated with the acute glycemic markers, FBG and PPG2 levels. Previous studies have found similar correlations between the levels of glycemic markers [23] ; however, in our study, the strength of correlation between HbA 1c level and FBG/PPG2 levels was only moderate (correlation coefficients: 0.422 for FBG and 0.502 for PPG2). This finding suggests that there may be considerable disparity between the quality of chronic and acute glycemic control and that chronic and acute glycemic markers should be considered separately when assessing adequacy of glycemic control and counseling patients. For example, a patient who has notably high preoperative FBG or PPG2 but normal (or at least lower than 8) HbA 1 c may be advised to make more rigorous efforts at glycemic control before surgery. Conversely, a patient who has HBA 1 c 8 or higher but nearly normal FBG and PPG2 might be advised to postpone the scheduled surgery and maintain the current efforts for glycemic control.
We found that HbA 1c C 8 or FBG C 200 mg was associated with superficial surgical site infections and other glycemic markers investigated did not have associations with surgical site infection or wound complications. Our study is in concordance with several previous studies. Our finding of no association of HbA 1c level of 7 as the cutoff value with infection or wound complication is in concordance with previous studies reporting no increased complications after TKA in patients with uncontrolled blood glucose levels when using an HbA 1c level of 7 as the cutoff [1, 7] . A previous study found an association between HbA 1c levels C 8 and wound complications but no association with early postoperative deep infection in patients with DM after TKA [6] . On the other hand, our finding of the only association of preoperative FBG C 200 mg/dL with superficial surgical site infection is in contrast with previous studies reporting the association of preoperative FBG level C 126 mg/dL [9] , postoperative FBG level C 126 mg/dL [21] , and postoperative FBG level C 200 mg/dL [16] with the occurrence of complications after total joint arthroplasty. Our findings, taken together with previous studies, suggest that surgeons should think carefully before performing this elective procedure in a patient with HbA 1C C 8 or FBG C 200 mg. Although no patients in our study developed deep infection, which prevents us from evaluating the association of poor glycemic control with deep infection, previous studies reported that patients who develop superficial surgical site infection are at greater risk for deep periprosthetic joint infection [3, 24, 26] .
We found a positive correlation among the various available glycemic markers in patients undergoing TKA, and HbA 1c C 8 or FBG C 200 mg/dL was associated with superficial surgical site infection. Our findings should be considered in patient selection and preoperative counseling for patients with DM who will undergo TKA. We propose that HbA1c C 8 or FBG C 200 mg/dL be used as cutoff values for glycemic control in recommending or timing TKA for patients with diabetes.
